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Prevalence and relation to underground exposure of
radiological irregular opacities in South Wales coal
workers with pneumoconiosis
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ABSTRACT A total of 124 coal workers and ex-coal workers receiving disability benefit for coal
worker's pneumoconiosis and routinely reattending the Cardiff Pneumoconiosis Medical Panel
during a 10-week period were studied. Those with complicated pneumoconiosis were excluded.
Their current chest radiographs and their chest radiographs at the time of certification were read in
random order by three readers using the 1980 ILO Classification of Radiographs. An irregularity
score was derived from the readings. The x-ray findings were examined for changes since
certification and for relationships with age, smoking, and underground coal work exposure.
One-fifth of the current radiographs showed mainly irregular opacities, whereas nearly all of those
from the time of certification showed mainly rounded opacities. Irregular opacities were related to
age, smoking, and underground exposure. The exposure effect remained after excluding the older
men. The findings suggest that radiological irregular opacities, and their associated pathology and
lung function changes, commonly develop in coal workers with pneumoconiosis and should be
considered part of the condition.

There has recently been increasing interest in the
importance of radiological small irregular opacities in
coal workers. Coal workers with irregular opacities
have reductions in ventilatory capacity' 2 and gas
transfer factor3 4 compared with those with rounded
opacities only. Postmortem surveys have shown more
emphysema and interstitial fibrosis in coal workers
with irregular, rather than only rounded, opacities.' 3
The frequency of irregular opacities among men with
simple coal workers' pneumoconiosis is not known,
however. There is also the question of whether they
are an integral part of simple coal workers'
pneumoconiosis. It may be argued that coal workers
with irregular opacities are rare overall but tend to
undergo special investigations and be included in
studies, also that irregular opacities are not un-
common in other lung conditions and may be present
only co-incidentally in coal workers. Studies on the
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physiology and pathology associated with irregular
opacities have necessarily involved selected groups of
men and cannot provide answers to these questions.

This study was designed to investigate the
frequency of finding radiological irregular opacities in
coal workers receiving disability benefit for coal
workers' pneumoconiosis in South Wales and to
attempt to relate the finding of irregular opacities to
underground coal work exposure, taking into account
age and smoking habits.

Subjects and methods

The great majority of coal workers and ex-coal
workers certified as having coal workers'
pneumoconiosis are seen by the pneumoconiosis
medical panel in their area every two or three years
for a chest radiograph and clinical examination.
There is evidence that ahnost all coal workers with
pneumoconiosis are known to the panel.5 In the
present study all the certified coal workers and ex-
coal workers routinely reattending the Cardiff
pneumoconiosis medical panel during January and
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February 1981 were included. Collection of non-
smokers continued into March 1981 to increase their
number. Only men with category B or C progressive
massive fibrosis were excluded. In this way a group of
124 men was collected.
Two or three chest radiographs were included for

each man: the current one and the one at the time of
certification as having pneumoconiosis for all men,
and the radiograph at the time of stopping coal work
for the 57 men when this fell between the other two
radiographs. Information on coal work exposure and
smoking habits was obtained from the
pneumoconiosis medical panel notes on the men. The
coal work exposure data comprised the number of
years of underground exposure and the date of
finishing; more detailed information was not
available for most of the men.
The radiographs were read in random order, with

dates and other details obscured, by a panel of three
trained readers. The 1980 ILO classification of
radiographs6 was used and the observations of the
three readers were combined for use in analyses. In
the 1980 ILO classification the overall profusion of all
small opacities is recorded and their size and shape
described by means of a two-letter combination. The
first letter of the combination represents the
predominant size and shape present and the second
letter the less frequent size and shape. An irregularity
score was derived from the size and shape records of
the three readers, taking only shape into account.
The method of obtaining the irregularity score is
shown in table 1. For profusion of small opacities, the
median value of the three readers was used.
The data were analysed by comparing the

distribution of irregularity scores in groups with
different levels of variables of interest such as age,
smoking, and underground exposure. Interactions
between variables were examined by stratification.
The significance of associations was tested using the
Mantel-Haenszel test7 and the Mantel-extension of
this test.8

Results

Of the 124 men in the study, 36 were life-long non-

Table 1 The irregularity score

Recorded in Recorded in Score
1st position 2nd position

p,qorr p,qorr 0
p,qorr s,toru 1
s,toru p,qorr 2
s,toru s,toru 3

The scores of the three readers are summed, giving an overall score
with range 0-9.
p. q, r = Rounded opacities.
s, t, u = Irregular opacities.

Table 2 Relation between profusion and irregularity of
small opacities on certification and current radiographs

Irregularity Category ofprofusion ofsmall opacities
score

Category I Category 2 Category 3

Certification radiographs
0-2 6 54 27
3-9 4 27 6

Current radiographs
0-2 1 16 23
3-9 4 52 28

smokers, 73 current smokers, and 15 ex-smokers of 10
years or more. The average duration of underground
exposure was 35 years (range 9-52). Average age was
39 at certification and 62 at the time of the study. The
interval between certification and current
radiographs ranged from five to 36 years (average 22).
The median profusion of small opacities on the

certification radiographs was two or three in all but 10
of the 124. On current radiographs, all but five were
read as category 2 or 3. On both certification and
current radiographs, there was a trend for higher
irregularity scores with lower categories of profusion
of opacities (p < 0.05) (table 2).

Two-thirds of the current radiographs had an

irregularity score of three or more and nearly a fifth
six or more. A score of three indicates that a minority
of irregular opacities were present and a score of six
that most of the opacities were irregular. The degree
of irregularity on the certification radiographs was
much less, and the trend for increasing irregularity
between certification and current radiographs was
significant at the 0-1% level (X2 = 59 1, see table 3).
There was a strong association between increasing

age and increasing irregularity of small opacities on
chest radiography. Table 4 shows the distribution of
irregularity scores by age decade, at certification and
on current radiographs. In both cases men with
irregularity scores of 0-2 were significantly younger

than men with higher irregularity scores (p < 0-001).
Considering the men's current radiographs,

irregularity scores were significantly higher for
smokers than for non-smokers (table 5, X2 = 7-I1 p <
0-01). This could not be accounted for by an age

Table 3 Change in irregularity ofsmall opacities between
certification and current radiographs

Irregularity Certification Current
score radiographs radiographs

0-2 87 40
3-5 36 64
6-9 1 20
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Prevalence of irregular opacities and relation to underground exposure

Table 4 Relation between age and irregularity ofsmall
opacities on radiographs, at certifiation and at the time of
study

irregularity Age (years)
score

-29 30-39 40-49 -50

Certification radiographs
0-2 14 41 26 6
3-9 0 13 17 7

Present radiographs
-49 50-59 60-69 70

0-2 6 22 10 2
3-9 1 21 48 14

effect, there being no tendency for smokers to be
older than non-smokers or ex-smokers.
There was a trend, significant at the 10% level, for

men with more than 40 years' underground exposure
to have more irregular opacities on current chest
radiographs than men with shorter underground
exposures (table 6, x2 = 2.55). Duration of under-
ground exposure was related to age at the time of
the current radiograph. The relationship between
underground exposure and irregular opacities could
not, however, be explained by the age effect, since an
exposure effect was present when only younger men
were included (table 7). The exposure effect was
actually more apparent in the younger men, as may
be seen in table 7. Both smokers and non-smokers
separately showed an increase in irregularity of
opacities related to underground exposure, with the
effect apparently greater in non-smokers.

Radiological changes after ceasing coal work
exposure were examined in the 57 men who stopped
coal work between certification and the time of the
study. Comparing their radiographs at the time of
stopping coal work with their current radiographs
showed that there was no tendency for increase in
profusion of small opacities but that the opacities
tended to become more irregular (table 8).

Discussion

The study suggests that small irregular opacities are a
common finding in men receiving disability benefit
for simple coal workers? pneumoconiosis. Two-thirds

Table 5 Relation between smoking habits and irregularity
ofsmall opacities on radiographs. Current radiographs only

Irregularity Smokers Non-smokers Ex-smokers
score

0-2 20 14 6
3-5 37 21 6
6-9 16 1 3

Table 6 Relation between years ofunderground exposure
and irregularity ofsmall opacities on radiographs. Current
radiographs only

Irregularity Years ofunderground exposure
score

-19 20-39 a'40

0-2 6 19 15
3-5 2 34 28
6-9 2 7 11

Table 7 Relationship between years ofunderground
exposure and irregularity ofsmall opacities on radiographs,
taking age into account. Current radiographs only

Age at time ofstudy (years)

-59 60-69 a70

Irregularity 0-5 6-9 0-5 6-9 0-5 6-9
score

Exposure underground
<40 years 33 0 25 5 2 4
-(40 years 13 3 23 5 7 3

Table 8 Radiological changes in 57men afterstopping coal
work exposure

Increase Decrease No
change

Category of profusion 15 17 25
(21 point on 12 point scale)
Irregularity score 39 5 13
(--1 scale point)

of the study group had some irregular opacities, and
in nearly a fifth of the men they were the major type of
opacity. The irregular opacities seemed to represent a
late phase and were a rare finding in the same group
of men when they were first certified with coal
workers' pneumoconiosis. There was probably some
selection operating at certification, so that men with
mainly irregular opacities when first seen may have
been considered to be suffering from a disease other
than coal workers' pneumoconiosis and not been
certified. With increasing age the proportion of men
with mainly irregular opacities increased, and this
effect was mainly responsible for the increase in
irregularity between certification and current
radiographs.
We found an association between exposure, taken

as number of years of underground coal work, and
increased irregularity of opacities on the chest
radiograph. Amandus et a12 have reported an
association between underground exposure and
irregular opacities in a large group of American coal
miners.2 Despite an association between age and
years of exposure in our series, age could not be held
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responsible for the increasing irregularity with
exposure, as the exposure effect was found only in the
young men. It could have been masked by the age
effect in older men. The index of exposure used was
crude, and perhaps estimates of dust exposure would
be preferable. On the other hand, other exposures
underground, such as nitrous fumes,9 may play a part
and would be ignored if only dust exposure were
considered.
The increase in irregularity of small opacities after

ceasing exposure suggests that the pathological
process they represent is not dependent on
continuing exposure to dust but rather on the effects
of dust already in the lungs. There is a belief that
simple pneumoconiosis rarely progresses after the
man leaves dust exposure."' Although the profusion
of radiological small opacities often does not
increase, however, and may sometimes decrease after
ceasing dust exposure, this is not to say that the
pathological processes set in train by the dust do not
continue. There is evidence that profusion of small
rounded opacities is related to the coal dust content of
the lungs." We suggest that irregular opacities may be
related to the tissue reaction to inhaled coal dust and
that the increase in irregular opacities after ceasing
exposure indicates progression of the disease, even
though this is not accompanied by an increase in
overall profusion of small opacities.
Emphysema and pigmented interstitial fibrosis

have been found in association with irregular
opacities in coal workers. ' 3 These are both processes
likely to progress, once started, without requiring any
further dust exposure. Emphysema is likely to be
more common in smokers, and this may be part of the
explanation for the relationship between irregular
opacities and smoking that we found. Emphysema
alone, however, in a non-dust-exposed individual,
would not be expected to produce an increase in
irregular opacities but rather a general reduction in
lung markings. 12 Smoking may be acting by
enhancement of dust-related disease processes.
The lung function reductions found in association

with irregular opacities may be of general
importance, in view of the frequency of irregular
opacities among coal workers with pneumoconiosis
indicated by this study. Our findings suggest that
irregular opacities are related to underground
exposure and should probably be considered to be

part of simple coal workers' pneumoconiosis. The
lung function reduction associated with irregular
opacities would then have to be considered as being
due to simple pneumoconiosis. If this is so the
concept of the condition not producing disability in
the absence of obstructive airways disease'3 would
have to be reviewed.

We thank Dr PC Elmes for reading the radiographs,
Mrs C Bevan for organising the radiographic reading
sessions, and Miss C Squance for help in obtaining
details from records. Dr Cockcroft was funded for
this work by the Welsh Scheme for Development of
Health and Social Research.
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